The physical and chemical properties of nano scale materials can be significantly improved as the size is reduced to the nanometer regime. Among these nano scale materials, one-dimensional systems, such as nanowires and nanotubes are of outstanding current interest as one of the promising building blocks for future nanoscale electronic and optoelectronic devices. As the demands for more compact devices emerge, silicon nanowires (SiNWs) have attracted extensive attention due to their compatibility with Si-based electronic technology. The fascinating potential applications [1] in a new generation of nanophotonics, biological and mechanical nanosensors have raised the wide research interests in recently years.
Computation Method and Model
The calculations are carried out by using the DFTB method. [6] DFTB scheme is in a selfconsistent charge (SCC) mode. The energy minimization scheme is the conjugate gradient method. A 5×5×1 MonkhorstPack k-point sampling is used for integration of the first Brillouin zone. The optimization is performed until the forces on the atoms are less than 3x10 -4 au and the tolerance in the self-consistent charge is 10 -5 au. Good convergence was obtained with these parameters. This DFTB scheme has been verified an optimal compromise of accuracy, system size, and computation time compared to pure first-principles methods, which allows the simulation of large systems than conventional DFT at a reasonable computational time and similar accuracy. Periodic boundary condition is used for the calculation. Figure  1 shows the cross section structure of the rectangular-and triangular-SiNWs. In the triangular-SiNW, α=74 º and Figure 1 . We list the number of atoms per unit cell, diameter and cross-section area of the SiNWs investigated in this work in Table 1 . The lattice constant in the unit cell is assumed to be that for bulk silicon crystal. The surface is terminated with H atoms placed at a standard bond length of 1.48 Å that eliminate artificial dangling bonds. This Si-H bond length is corresponding to that in SiH 4 molecule. This hydrogen saturated model has been used to study the electronic properties of nano structures successfully. Table 1 . N (number of atoms in the unit cell), D (as defined in figure 1 , in nm), and Area (the cross-section area, in nm 2 ) of the nanowires studied. 
Results and Discussion Geometry optimization of SiNW is
studied by using the density functional theory. With the optimized structure, we calculate the band structure and electron effective mass (m*) at conduction band minimum (CBM) of triangular-and rectangular-SiNWs. Figure 2 shows the calculated band structure for a [110] oriented SiNW. For the CB, two unprimed bulk valleys will be projected to the Γ point. Due to the interaction between these two valleys, the degeneracy between these two subbands is lifted, which is called valley splitting. Valley splitting increases the curvature of the lowest subband in the SiNW CBM, and consequently reduces the electron effective mass at the NW band edge, which increases the mobility and the SiNW transistor performance. Figure 3 shows the size dependence of the electron effective mass at the CBM for SiNWs with optimized surface lattice constants. It is obvious that the effective mass decreases as the nanowire cross-section area increases. For thick wires, the effective mass of electron is close to that of bulk Si (0.2 m e , m e is the free electron mass), which is consistent with other reports. [5] We also find that the electron effective mass in the triangular-SiNWs are always larger than those in the rectangular-SiNWs with the same diameter (or cross-section area), and the differences in electron effective mass between the two kinds of wires decrease as the increase of the diameter, then will vanish. The effective mass of triangular SiNW has stronger dependence on diameter and cross section area than the effective mass of rectangular-SiNW does. This can be understood from the surface-to-volume ratio. At the same scale, triangular-SiNW is with larger surface-to-volume ratio than that of the rectangular-SiNW, therefore, the number of surficial Si atoms in triangle-SiNW is more than that in rectangular-SiNW. As a result, there is more obvious size dependence in the electron effective mass of triangular-SiNW than in the effective mass of rectangular-SiNW.
We find that the electron effective mass is higher than 0.2 m e . As discussed in ref. 5 , when m* is relatively large (e.g., m*>0.15 m e ), the device is operating close to the charge control limit, and the ON-current increases with a decreasing m*. Since rectangular-SiNW has smaller m*, it offers a higher ON-current than triangular-SiNW.
Summary
In this paper, we have studied the band structure and electron effective mass of the triangular-and rectangularSiNWs with first-principles tight-binding method. With this method, we can explore the electronic properties of SiNWs with diameter up to 7 nm, which is larger than the structures studied with common used DFT methods. The electron effective mass decreases as the SiNW diameter (cross section area) increases. With the same diameter or cross section area, the triangularSiNW has larger electron effective mass than rectangular-SiNW. And in triangular-SiNW, the dependence of electron effective mass on cross section area is more obvious than that in rectangular-SiNW. This is explained by the surface-to-volume ratio. As rectangular-SiNW has smaller m*, we proposed that it can offer higher ON-current than triangular-SiNW in SiNW transistor performance.
